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Short summary :
A first prototype of the front-end ASIC dedicated to the trigger detector of the dimuon
arm of ALICE has been designed and tested in the "Laboratoire de Physique Corpusculaire"
of Clermont-Fd.
This set-up is based on the Resistive Plate Chamber (RPC), a gaseous detector which
can be operated either in streamer or avalanche mode.  The streamer mode has the advantage
of providing large signals that can be discriminated without amplification, whereas the
avalanche mode presents a better rate capability and time resolution with conventional
discrimination techniques.
Since we propose to operate the RPCs in streamer mode in ALICE, we have studied a
new discrimination technique in order to obtain a time resolution better than 2 ns in this mode.
The method used in this dedicated circuit is described, performances and tests results are
given, as well as the evaluation done in the test beam of summer 2000.
Long summary :
The trigger system of the dimuon arm of the ALICE/LHC detector has to select events
containing two muons from the decay of heavy resonances like J/< or b, amongst all
background sources.  The setup is composed of 72 Resistive Plate Chambers (RPCs), a
gaseous detector where the electrical charge produced by the crossing of a charged particle is
collected on 1-4 cm wide, 35-70 cm long strip lines.  Almost 21000 readout channels are
necessary to cover the whole detector area.
RPCs are operated in streamer mode in ALICE and no amplification of the analog
signal is needed.  The analog signal picked up on the strips has to be discriminated and then
shaped with a width of about 20 ns.  The output signals of all readout channels are sent in
parallel through 20m long cables to the trigger electronics.  A sampling at the LHC clock
frequency (40 MHz) is performed at this level before the dimuon trigger decision is issued.
Using conventional discrimination techniques, the time resolution is better when using
RPC in avalanche mode (commonly 1ns), unless the RPC is operated in streamer mode at
quite high running voltages that is not suitable.  In order to improve the time resolution in
streamer mode, a new discrimination technique called “ADULT” has been studied.
The observation of RPC pulse shapes in streamer mode shows that the streamer signal
itself is preceded by a smaller signal, called "avalanche precursor".  The streamer signal
exhibits important time fluctuations while the avalanche precursor is almost stable.
The ADULT technique exploit this good timing property of the avalanche precursor with the
validation by the large streamer signal which is well above any source of noise.  The
technique makes use of two discriminators, with a low threshold (typically 10 mV/50:) at the
level of the avalanche precursor and a high threshold (typically 80 mV/50:) at the level of
the streamer.  It is followed by a coincidence of the two outcoming signals with the time
reference given by the low threshold one.
This dedicated discrimination technique has been implemented in a front end chip
developed in the “Laboratoire de Physique Corpusculaire” of Clermont-Ferrand.  The chosen
technology is AMS BiCMOS 0.8Pm.
The chip prototype is composed of one channel including the “ADULT”
discrimination technique and additional functions :
- an “one-shot” system which prevents the chip from re-triggering during
100ns,
- a remote delay with a range of 50ns,
- a shaper to obtain a 20 ns logical output signal,
- an ECL buffer to drive a 20 m twisted pair cable.
Five packaged chips were delivered in middle of May 2000.  The tests in the
laboratory have shown that each stage of the chip works perfectly.  The power
consumption is still a little bit high (140mW per channel) but will be decreased by
replacing the ECL driver by a LVDS one.
The low threshold discriminator gives the time reference until the delay between the
avalanche precursor and the streamer signals reaches 11 ns, which is enough regarding
the actual detector pulses.
The 20 ns ECL output signal can be delayed in a range of about 60 ns and the “one-
shot” protection is a little bit longer (138 ns) than the designed value.
An RPC equipped with 8 of these chips has been tested at the CERN/PS beam
area at the beginning of July 2000.  First results are presented in this paper, as well as
possible improvements and foreseen developments of the chip.
